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FOREWORD 

The s t ructural  analysis of the FS-2 model was per -  
formed under the NASA Apollo Contract NAS9-150. 

This repor t  was prepared by the Aero-Therm0 
Model Structures Group, Los Angeles Division of 
North American Aviation, Inc. ,  under the direction 
of C.B. McClain. 
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This report covere the structural inW@ty o f  the A p o U o  -2 m e  
Model to bo run in the mr ftnitary Plun Wind Tunnel and elm i n  the lkrth 
American Tklronic Mnd m a l  

I beds for the crloulrtione dmwn are b e d  on the kwr Tunnel conditione, 
starting or 
component in qyertlon. 
safety i s  Included in the report also. 

eicate, v'nichimer G ~ o r  the rort G r i t i d  lea! fer +a 
A N~YCJ r b o t  of Trironio !haanellwrginr of 

All camprwltr not analgsod i n  thlr report YICO oonridered not arltlorl, 

I 
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I. INTRODUCTION 

! 

This report  presents a structural  analysis of the 0. 105-scale Apollo 
Numerous configurations of the model a r e  to be wind tunnel model (FS-2). 

tes ted in the Ames Unitary Plan 8- by 7-, 9-  by 7-, and 11- by 11-foot 
wind tunnels, 
withstand the loadings encounteredduring tes t  is  analyzed herein. 
ings used a r e  based on steady-state conditions in the Ames 11- by 11-foot 
Unitary Plan Wind Tunnel. A summary table of margins of safety is a l so  
provided in this report  to  cover the load conditions these models will be 
subjected to in the North American Aviation, Inc., Trisonic Wind Tunnel 
Facility. 

The ability of the most cri t ical  of these configurations to 
The load- 

Test  conditions a r e  covered in this report ,  and start ing and steady-state 
loading a r e  investigated with the result that steady-state loading is cri t ical  
for the model components when at a 90-degree angle of attack. The tunnel 
start ing condition will be cri t ical  for the sting when at a 0-degree angle of 
attack. 
degrees  angle of attack. 

Starting will a lso be critical for the balance when a t  0 and 90 

All components to be tested in the Ames Facil i t ies have positive 
margins  of safety on a safety factor of 5 on mater ia l  ultimate. 
elements will be loaded above rated value unless balance installations a r e  
studied carefully. 

The balance 

These models a r e  a l so  to be tes ted in North American Aviation's 
Trisonic Wind Tunnel. The basic tower (170 inch) will have a negative 
margin  of safety for that tes t  unless start ing angles of attack a r e  kept below 
20 degrees.  

Components not analyzed in this report  a r e  concluded to  be not critical. 

- 1 -  
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I 

T h i o  report premmtr a rtmctural u u l y r l s  of tbu .lo5 &ale 
Apollo Wind Tunnel Model (FS-2). 
are t o  be terted in the her Unitary Plua 8 x 7, 9 x 7 and 11 x ll foot 
Wind 'Rmntlr. Ths ability of tba root  critical of -00 c O n i i @ I ~ t l o a U  
t o  wlthstand the loadings encountered durlly t e s t  10 e herein. 
The loadings ured are bared on at- a t a t e  conditlonr in tba Awn 
11 x 11 foot Unitary P1.n wlnd nnnctl. 

lhrasruur conflgurationm of tl# -1 

A ~umwrry table of mrginr of mfety i r  ala0 prar1d.d herein to 
cover the load conditions there W e l a  will be rubJectO6 to in tb. 
mrth Amcrican Aviation, Inc,, Trircmic Wind !hnnel m l l i t y .  
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Thio report is a etructural  aaslyria of the m a t  c r i t i c a l  of 
various c o n f i ~ r a t l o n r  o f  the .lo5 Scale A p o l l o  Wind Tunnel Fbrce 
w e 1  (m-2). 

Tert conditioiir awered ape for the her altuy Plan 8 x 7, 
9 x 7, and 11 x 11 foot Wind ntMels. 
loading are investigated with the reuult that ateady r a t e  l a d i n g  
is  c r i t i c a l  for  the @el component8 when at. an of attack o? 
ninety degreer. The tunnel rttbrting caaditlon w i l l  be c r i t i c a l  for 
the s t ing  when st zero degree angle of attsck.  Start- Will also 
be c r i t i c a l  f o r  the belance when a t  zero, aad alw ninety -8, 
angle of attack. 

Starting urd ateady atate 

All coarponentr to  be terted in the Amor Feo i l i t i e r  bmt. pooitive 
mrgina of rafety on a rafety factos of five on nrtorial u l t i w t e .  
The balance elamentt~ will be loaded ratdl value unlera belaace 
lna ta l la t lonr  are rtudiad carefblly. 

There modela are also t o  be teated i n  North Ammrican Avirtfon'a 
Trironic Wind Tunnel a t  a later date. 
have a newtive -gin of 6afety for that tart unlear rtrrtw m g h 8  
of at tack are  kept below twenty degrwr. 

The b u i a  tuuor (170-inch) wi l l  

Coqonents not analyzed In t h i n  report are concluded to be not 
c r i t i c a l .  

- 2.1 - 
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ti. DISCUSSION 

LAUNCH ESCAPE ROCKET MOTOR ASSEMBLY 

Two escape rocket motor configurations a r e  to be tested. One is  a 
basic  motor of cylindrical shape with a conical nose cone and a flared sk i r t  
aft; the other one is a motor with the same conical nose cone a s  the basic 
motor and a taper-sided shape (page A-3 of Appendix A). The taper i s  from 
the nose cone to  the same diameter at  the base (af t )  a s  the basic motor flare 
skir t .  

The alternate rocket motor shape i s  used for calculating loads on the 
rocket-tower-command module configurations checked in Appendix A. For 
cr i t ical  section checks on the rocket motors,  the basic  motor is crit ical  at 
the intersection of the cylindrical side and the sk i r t  f lare (page A-3). 

Bending and compressive s t r e s ses  due to normal  and drag loading 
on the rocket a r e  in the order  of 3225 psi. 
factor of 5 on a material  ultimate of 77, 000 psi, this gives a positive margin 
of safety of 3. 76. 

When compared with a safety 

JETTISON ROCKET ASSEMBLY 

As is the case with all the Apollo launch escape configurations, the 
jettison rocket motor i s  not highly loaded. 
tower structure when running at high angles of attack and is completely 
blocked by the rocket motor when at low angles of attack; therefore, no 
s t ructural  problem exists in the s t ructure  o r  attachment. 

It is somewhat protected by the 

LAUNCH ESCAPE TOWER STRUCTURES 

Four tower s t ructures  a r e  designed for  tes t  andtwo a r e  analyzedin this 
The long (240 inch) and the one equivalent to  the 170-inch full-scale 

The two short towers (120 and 80 inch) a r e  adequate by comparison. 
report .  
tower. 

Leg s izes  of the 240-inch and the 170-inch towers differ. The longer 
tower has 3/8-inch-diameter legs, and the 170-inch tower is made with 
5/16-inch-diameter legs. 
inch rods. 

The web members  on both towers a r e  all 1/4-  

1 
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111 DISCUSSION 

h c h  Bscapc Rocket Motor ArrembQ 

Two configuration8 o? escape rocket motors are t o  be krkb. 

and a flare? skir t ,  aft. The other ana 10 a 
One l a  a bsslc mator of cylindrical rape  

i c d  nose cone as the baalc motor and a taper rlded 8hape) (A-3). 
The taper is from the noae cone to the a- dl-ter a t  the baae 
(sit.) as the basic mbtor flare ~ k i r t .  

a conical ma. eone, 
r with tho mme con- 

The altornate rocket rotor shape is u s d  for cakula t ing  
lode on the rocket-tower-colesnd module conflguratlonr checked 
in Appendix A. 
the basic mtor is c r i t i ca l  at the intersection of the cyllpdrlcal 
side and the s k l r t  flare, (A-3) .  

For critical section check8 on the rocket motor88 

Bending and compressive stresses, due to mrml and &.g 
loading on the rocket are in the order of 3,225 prl.  
pared with a rafety factor of five on a Iraterial ult lMte of 
77,000 p s i ,  this gives a positive -gin or safety of 3.76. 

When ccm- 

Je t t i son  Rocket Assemblg 

As is the came with all the A p o l l o  launch eacspe conflppllrtlonr, 
the je t t i son  rocket rotor 1s not highly loadd. 
tected by the tower rtructure when running a t  hi@ &@.e of attack 
and completely blocked by the rocket =tor whsn at low m g h 8  of 
attcrck; therefore, 00 atructurs l  problm e X I r t 8  in the structure 
or att,achment. 

It l r  8OllbWht pro- 

bunch Escape Tower StrUCtures 

lrour tower structures arc designed for teat .  Two of the far 
are analyzed i n  this report. The long ( 2 b i n c h )  and the cmc e 
valent to the 170-inch f u l l  scale tower. The two short tovers 
Inch and 80-inch) a r e  adequate by coclrparison. 

b g  8iZeS of the 240-inch and the l'/O-lnch torarr differ. The 
longer tower has three-elghts Inch diameter leg@, and the 170-inch 
tower is made with five-rixtcenth inch diameter legs. 
members on both towers are all one-quarter inch rode. 

The web 

Construction snd aseembly of a l l  members is  by welding at the 
Joints of the web m e m b e r B  to the legs ( A - 4 , ~ ) .  
base bay are tapered panel type with one d i m  i n  each of fau 
side@. 

AU b y r  above the 

- 3.1 - 
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I11 DISCWSSIOIJ (Cont) 

The base bay is a bent frame wlth a double beam top and tor0 oin(;l. 
rod knee braces i n  each of i t s  f a r  sides. Cr i t ica l  strerses occur 
8t the Junction of the kneebrace t o  the 106, and at  the bare o f  the 
legs where they join t o  the s t i f f  rod 8t tachasnt  ends. 

Combined compression, due to the over turning mamnt and ride 
rw8y bending, induce streuser of 31,650 pal in tho b r r g  tower and 
70,OOO pel  in the 170-Inch tower. The crhortcr tower 18 t h r e f o r e  
most c r i t i ca l ,  

For steady a t a t e  loading condition a t  ninety degrees angle of 
attack, the margin of safety for the abwe stress, when coappared wi 
a safety factor of 5 on material U l t i m h t c J  i r  a negative twenty- 
eight percent. A true safety factor for the st resses  ohom ir 3.62, 
(A-15). The long tower hae s positive -gin of safety of f l f t y -  
three percent for the  ninety degree steady state loads, (A-9); which 
are  the higheet encountered a t  the Amee Facili t lee.  

h 

Collrmand Module 

Tower reactions are transferred t o  the c c d  nodule through a 
pair  of tower mounting blocks. aUr, blocks attach direct ly  to the 
balance block in to  which the balance cavi t ies  are bored. The oxternal 
structure of the c o m n d  module I s  of she l l  type and resirtr air loads. 
only on itself. 
block. 

These loads are transmltted d i rec t ly  to the balance 

O f  significance stress wise, are the tmr leg  socket attachpmt 
and tower aawntiw block attachment to  tbo balance block (A-17,21) 
and (Reference 9). 

A l l  ~aarglns of safety arc one-hundred percent or  more on a 
safety factor of f ive on material u l t i m t e .  

sting 

The sting is made in the form of a tapered, round bar, and is 
machined from a 17-4 PH corroeire reels tant  steel forging. 

When the model is at zero angle of attack loads os1 the rting axe 
The c r i t i c a l  rection occure a t  a lrrurimun during s ta r t ing  conditions. 

the s t ing  t o  tunnel adap+t:r socket, (A-25,28). Side and nonaal loads 
combine t o  cause a stress of 37,400 ps i  In bending. 
are In the order of 200 psi and can be neglected. 

Shear stresses 

The Hargin of Safety for a section a t  the thick p a r t  of the aft 
socket taper i e  f i f ty  percent positive. 

- 3.2- 
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r l L L  A l l  ---LA- l I1c l I IuGA s a r e  consii=ucted and. assembied by weiding at the joints 
of the web members  to the legs (pages A-4 and A-12). 
base bay a r e  tapered panel type with one diagonal in each of four sides.  

All bays above the 

The base bay is  a bent frame with a double beam top and two single 
rod knee braces  in each of its four sides.  Crit ical  s t r e s ses  occur at the 
junction of the kneebrace to the leg and at the base of the legs where they 
join to the s t i f f  rod attachment ends. 

Combined compression due to the over turning moment and side-sway 
bending induces s t r e s ses  of 31, 650 psi  in the long tower and 70,000 ps i  in 
the 170-inch tower. The shorter tower is ,  therefore,  most critical. For  
steady-state loading condition at 90 degrees angle of attack, the margin of 
safety for these s t resses ,  when compared with a safety factor of 5 on mate- 
rial ultimate, is a negative 28 percent. 
shown is 3.62 (page A-15). 
of 53 percent for the 90-degree steady-state loads (page A-9), which a r e  
the highest encountered at the Ames Facil i t ies.  

A t rue  safety factor for the s t r e s ses  
The long tower has a positive margin of safety 

COMMAND MODULE 

Tower reactions a r e  t ransferred to the command module through a 
pa i r  of tower mounting blocks attached direct ly  to the balance block into 
which the balance cavities a r e  bored. 
mand module is of shell type and r e s i s t s  air loads only on itself. These 
loads a r e  transmitted directly to the balance block, 

The external s t ructure  of the com- 

The tower leg socket attachment and tower mounting block attach- 
ment  to the balance block (pages A-17 and A-21) a r e  significant in 
considering s t r e s s  (Reference 4). 

All margins  of safety a r e  100 percent o r  more  on a safety factor of 
5 on mater ia l  ultimate. 

STING 

The sting is in the form of a tapered, round bar  and is  machined 
f rom a 17-4 PH corrosive resistant steel  forging. 

! 
i 

When the model is at 0 degrees angle of attack, loads on the sting 
a r e  a maximum during starting conditions. 
the sting to tunnel adapter socket (pages A-25 and A-28). 
loads combine to cause a s t ress  of 37,400 p s i  in bending. 
a r e  in o rde r  of 200 p s i  and can  be neglected. 

The crit ical  section occurs  at 
Side and normal  
Shear s t r e s ses  

- 4 -  
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Iv MARoIrioFsA?ErxTABIg 

(= -1 
pege Component TJp of Strerr 

Iv MARoIrioFsA?ErxTABIg 

(= -1 
pege Component TJp of Strerr 

A, 3 -1 Rocket 

A. 9 -6 Tower. cow. andBending 

A. 10 -6 Tower D!lureter Tension 

A. 11 -6 lrower Weldr Sheer 

A. 15  -4 Tower k g  comp. mdbndlng 

A.18 -3  Socket Weld Shear 

A . 1 9  -3  Socket Rod 

A. 19 -3  Socket Screw Tenrion 

A. 20 -3 Socket Rod ~ .nr im 

A.20 -3 Socket Rod shear 

A.22 -5 Block S C ~ W S  Tenslcm 

A.23 -5 Block Pins Shear 

~ . 3 0  Anwe Sting EMBd* 

A. 31 Ames Balance Side bad 

A. 32 Anel3 Balance Roll 

MeS. Co8Ronart TUTTBST - 
-1 Rocket 79 

-6 Tower Legs - 0 4 8  

-6 lbwer Welds 78 

-6 lbwcr Diagond.6 -e20 

-4 Tower Legs A - 500 S tar t  -.TI 
a = 200 stsrt 

-3 Socket 
* Based on Safety Fsctor of 3 on U l t .  

0.47 

ne s. 

3.16 

53 

1.17 

c. k 
-020 

1.10 

1. m 
3.14 

- 

=sh 
1.29 

2.64 

*50 

- .34- 

-e@- 

* True S.F. 
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The m-srgir, cf safety for a section ai the thick part  of the aft socket 
taper  is 50 percent positive. 

MARGINS OF SAFETY 

The margins of safety for the Ames tes t s  are presented in Table 1. 

Table 1. Ames Test Margins of Safety 

Component 

-1 Rocket 

-6 Tower leg 

-6 Tower diameter 

-6 Tower welds 

- 4  Tower leg 

-3 Socket weld 

-3 Socket rod 

-3 Socket screw 

-3 Socket rod 

-3 Socket rod 

-5 Block screws 

-5 Block pins 

Ames sting 

Ame s balance 

Ames balance 

Type of Stress  

Bending 

Compression and bending 

Tens ion 

Shear 

Compression and bending 

Shear 

Bending 

Tens ion 

Tension 

Shear 

Tension 

Shear 

Bending 

Side load 

Roll 

Margin of Safety 

3.76 

0.53 

1. 17 

4 . 4  

-0.28 

1.10 

1.97 

3.14 

High 

High 

1. 29 

2.64 

0.50 

-0.344c 

-0.48* 

Appendix 
Page No. 

A-3 

A-9 

A-10 

A-11 

A-15 

A-18 

A-19 

A-19 

A-20 

A- 20 

A-22 

A- 23 

A-30 

A-31 

A-32 

*For any angle of attack and is a function of model angle to  sting angle only 
(20 degrees used here) ,  

- 5 -  
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\ /  

Triie Safety Factor 

1. 56 

2. 15 
0.714 

1.58 

The Transonic Wind Tunnel margins of safety based on a safety factor 
of 3 on the ultimate a r e  presented in Table 2 .  

Table 2. TWT Test  Margins of Safety 

Component 

-1 Rocket 
-6 Tower legs 
-6 Tower welds 
-6 Tower diagonals 
-4 Tower legs 
a =  50 deg Start  
01 = 20 deg Start  

-3 Socket 

ESTIMATED TWT LOADS 

The estimated loads on the -6  tower and alternate rocket configuration 
a t  0 degrees angle of attack for  TWT s t a r t  using the Task 2-3/4-inch balance 
a r e  as follows: 

Element Rated Load 

Forward normal 
Forward side 
Chord 4200 

Test Load 

3888 
43 04 
63 98 

The estimated loads on the -4 tower with the basic rocket and jettison 
motor a t  the nose at  0 degrees angle of attack for TWT s t a r t  using the 
Task 2-3/4-inch balance a r e  as follows: 

Element Rated Load Test Load 

Forward normal Not cri t ical  
Forward side 
Chord 4200 63 98 

' :  - 6 -  
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TL, . = ~ L I I I l ~ ~ t ; d  ,,+:--.+- loads on the -4  tower with the basic rocket with the I 
jet t ison rocket at the nose at 20 degrees  angle of attack for TWT s t a r t  a r e  
as follows: , 

E 1 em ent I Rated Load I Test  Load 

:$Rolling moment 
‘::Forward side fnrce 

Forward’normal 
Chord 

8000 
1875 
3750 
420 

5339 
3406 
4737 
6387 

::For any angle of attack and is a function of model 
angle to sting angle only. 

- 7 -  
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REMARKS 

This appendix presents a structural  analysis of the components of the 
FS-2 Apollo force model that have been modified o r  added for a dual balance 
test. Testing will be conducted in the Ames Unitary Plan Wind Tunnel 
facilities. 

Two load conditions a r e  studied: starting loads a t  40 degrees angle of 
attack and running loads a t  50 degrees angle of attack. 
analyzed fo r  the load condition that is most cri t ical  in each case. A l l  
components have positive margins of safety for a safety factor of 5 on 
mater ia l  ultimate. 

All components a r e  

A l l  drawings a r e  NAA/S&ID drawn in July 1962 and a r e  given in the 
following listing. 

7 121 -01077 
71 21 -01078 
7 121 -01079 
7121 -01081 
71 21-01086 
71 21 -01087 
71 21 -01089 

Assembly and Details -Command Module 
Details - Balance Blocks and Miscellaneous 
Assembly and Details-Launch Escape Tower 
Sting - Arne s Wind Tunnel 
Model Installation-Ames Unitary Tunnel 
Assembly and Details Indexed Sting Joint 
Assembly and Details Rocket Motors 

Margins of safety for the components a r e  as follows: 

Page 
- 

B-9 
B-12 
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B-13 
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B- 20 
B- 21 
B- 26 
B- 28 
B- 29 
B-32 
B- 34 
B- 35 

Component 

-4 Balance adaptor 
- 4  Tower l e g  support 
Leg Support pins 
Leg Support bolts 
-7 Splice plate 
-9 Spacer pins 
-9 Spacer bolts 
-2  Support a r m  
- 2  Pivot pins 
- 2  Support bolts 
-6 Sting adapter (C-C) 
-6 Sting adaptor (D-D)  
Ames sting 

Type of S t ress  

Bending 
Shear 
Shear 
Tens ion 
Bending 
Shear 
Tension 
Bending 
Shear 
Tension 
Bending 
Bending 
Bending 

Margin of Safety 

High 
2. 59 
2. 50 
High 
1. 20 
1.75 
4. 84 
2. 07 
3. 76 
1. 16 
3. 41 
1.45 
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ABSTRACT 

This Appendix presents a s t ructural  analysis of the 
components of the FS-2 Apollo Force  Model that have 
been modified or  added to update the model to the 
latest  configuration. Testing will be conducted in the 
Ames Unitary Plan Wind Tunnel. 

The analysis of new or modified components is 
Components that a r e  not modified presented in full. 

a r e  analyzed by a comparative analysis for a 
90-degree a at  540 q. 
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